A Radiological Study
T
EARS ENTER the lacrimal sac through the canaliculi. The upper and lower canaliculi join to form a single common canaliculus (CC) 3 to 5 mm long, which opens into the lateral wall of the lacrimal sac. 1 It is usually supposed that about 90% of the population has a CC and that in the remaining 10% the upper and lower canaliculi enter the sac separately. [1] [2] [3] [4] [5] To our knowledge, no study has been carried out to evaluate the validity of this assumption.
Digital subtraction macrodacryocystography (DSM) is the most sensitive method for imaging the lacrimal drainage system (LDS). 6, 7 It displays the anatomical features of the canaliculi in detail and therefore can be used to investigate the frequency of the CC. 8 In this study, we reviewed the DSMs of patients with obstructive epiphora to ascertain the frequency of the CC and the other types connecting the canaliculi to the sac.
RESULTS
The DSMs of 281 patients were reviewed; those of 247 patients (194 females and 53 males; age range, 15-80 years; mean age, 47 years) were of sufficient quality to evaluate canalicular anatomical features. The DSMs were unilateral in 153 patients and bilateral in 94.
The DSMs revealed a CC in 321 LDSs (94.1%) (Figure 2) . The CC was absent in 13 LDSs (3.8%), but the upper and lower canaliculi united at a common opening in the wall of the tear sac and drained into the sac via this opening (Figure 3) . In 7 LDSs (2.0%), a CC or common opening was absent, and the upper and lower canaliculi drained separately into the lacrimal sac (Figure 4 and Figure 5 and the Table) .
Of 247 patients, 232 (93.9%) had a CC, 10 (4.0%) had a common opening, and 3 (1.2%) had separate openings. In 92 of 94 patients with bilateral DSMs, the right and left canalicular anatomical features were identical; in the other 2 patients, the canaliculi drained into the sac through a CC on one side but separately on the other side.
COMMENT
In textbooks related to lacrimal anatomy and surgery, it is stated that approximately 90% of individuals have a CC; in the remaining 10%, the canaliculi enter the sac separately. 1, [3] [4] [5] This approximation is based on an article by Jones, 2 which does not provide the details of how the figures were obtained. In our study, a CC distinguishable on DSM was observed in 94.1% of LDSs. In only 2.0% of LDSs did upper and lower canaliculi enter the lacrimal sac separately, and in 3.8% the canaliculi united at the wall of the sac to form a common opening.
There is uncertainty in the literature about how the canaliculi terminate in the 10% of the population for whom a CC is not present. 9 The assumption that the canaliculi enter the tear sac separately implies that the canaliculus has its own, distinct opening on the sac wall. However, Hurwitz 10 stated that he has not been able to identify any cases where the canaliculi drain separately into the tear sac. He believes that reports from surgical observations that the canaliculi can enter separately into the sac might be due to false passaging of one or both canaliculi on probing of the canaliculi. 8 In fact, Jones and Wobig 11 report that in 10% of individuals, the canaliculi actually open separately into a "sinus of Maier," which in turn opens into the tear sac instead of directly into the lacrimal sac. According to this description, the lacrimal sac 
MATERIALS AND METHODS
We reviewed the DSMs of patients with obstructive epiphora performed between February 1, 1994, and June 30, 1999, to display the site and the type of the obstruction in the lacrimal drainage pathway. Dacryocystograms were obtained only in eyes with epiphora (bilaterally if necessary) by the same physician (Z.Y.). All of the DSMs were performed with digital fluoroscopic equipment (Siemens Polytron 1000 DSA Multyscop; Siemens, Erlangen, Germany) at ϫ2 magnification. Patients with acute dacryocystitis were included in the study after treatment of the infection. The patient was placed supine, and the lacrimal sac was emptied by digital massage. After topical benoxinate hydrochloride was administered, the inferior canaliculus was cannulated using a lacrimal cannula (Visitec 5811276; BDVisitec, Sarasota, Fla) connected to an extension tube. After a digital scout radiograph was obtained as a mask, sequential digital images were obtained during the injection of water-soluble contrast medium (Omnipaque, 300 mg/mL; Nycomed, Carrigtohill, Ireland) while viewing the real-time images taken at a rate of 3 exposures per second. The images were then digitally manipulated to obtain ideal images of the LDS, and hard copy images were produced.
After reviewing the medical records of patients referred for obstructive epiphora to the Radiology Department of the Uludag University Hospital, Bursa, Turkey, patients whose medical records were available and images were satisfactory to evaluate the canaliculi were included in the study. The images were reviewed by a radiologist and an ophthalmologist together (B.Y. and Z.Y.). Patients who had previous dacryocystorhinostomy or canalicular obstruction were excluded from the study.
We postulated that there might be 3 possible anatomical types connecting the canaliculi to the lacrimal sac. As shown in Figure 1 , we concluded that a CC existed when a contrast-filled, discrete canalicular segment was observed between the lacrimal sac and the point where the upper and lower canaliculus unite (type A). The opening of the canaliculi to the sac at the point where they meet on the sac wall has been defined as a common opening (type B). In the last type, there is no CC or common opening, and the canaliculi enter the sac from different points (type C).
can have only one common internal opening, and the possibility that the canaliculi might enter the sac separately is excluded.
In this study, we found that there is a CC or common opening in 98% of the LDSs and that both canaliculi drain through a common internal punctum in this group. In the remaining 2% of LDSs, the canaliculi open into the tear sac through 2 separate internal puncta.
The term sinus of Maier has been used to describe 3 different anatomical types: (1) the CC itself, (2) the terminal dilation of CC, and (3) a lacrimal sac diverticulum into which the canaliculi open separately, as mentioned previously. 3, 8, [11] [12] [13] [14] Because of this confusion, we prefer to use a functional term, common opening, to describe the type in which the CC is absent and the canaliculi unite at the sac wall and drain by one common ostium. We do not know how the presence or the type of the CC affects the clinical course of nasolacrimal duct obstruction. It has been thought that sac retention in nasolacrimal duct obstruction, as seen in lacrimal sac mucocele and congenital dacryocystocele, occurs in patients without a CC. 11, 15 Results of a recent study 16 suggest that kinking of the CC due to compression of the dilated sac may better explain sac enlargement.
The absence of a CC has been considered an important variance that can affect the results of some surgical procedures. In the repair of canalicular laceration in the absence of CC, the method of bicanalicularannular stent placement using a pigtail or similar type of probe has not been advised. [17] [18] [19] The uncertainty as to whether there is only one internal punctum can create a problem in surgery, especially on probing of the canaliculi or silicon intubation at the time of dacryocystorhinostomy. 20 The natural axes of the canaliculi can be significantly distorted during probing. 21 Particularly when advancing the metallic probe through the canaliculus is difficult, the probe might show the tendency of coming out from a different point in the lacrimal wall than the previous probe, and a false passage through the canaliculi into the lacrimal sac can be created easily. It should be considered that the anatomical variation where the upper and lower canaliculi drain separately into the tear sac is seen rarely, in about 2% of the cases, less than the previously accepted figure of 10% of patients. In 1911, Schaeffer 22 lucidly described 3 different ways in which the canaliculi communicate with the lacrimal sac. He pointed out that the CC is the usual way of communication; moreover, the canaliculi can empty separately into a diverticulum of the lacrimal sac (sinus of Maier). In the rare case, there is neither a CC nor a diverticulum; the canaliculi empty separately into the lacrimal sac. We found quantitative data about the frequency of CC in 3 studies. Tucker et al 16 did not observe a CC in 2 of 12 rigid plastic casts of the lacrimal outflow system. In these specimens, the upper and lower canaliculi independently entered the lacrimal sac. In a study 23 using computed tomographic dacryocystography, a CC was noted bilaterally in all 11 patients. In the third study 24 using microscopic anatomical analysis, the CC was identified in 6 LDSs of 5 adult cadavers.
Improvements in dacryocystography have enabled better visualization of the lacrimal system and the canaliculi in particular. 25, 26 During contrast injection, the real-time, sequential, digitally subtracted images are displayed on a television monitor and each phase is minimized by an initial slow injection rate. The canalicular anatomical type can be evaluated better in the early phases of dacryocystography, during which the lacrimal sac is not distended completely with contrast media yet. Magnification can be increased by digital manipulation to obtain good detail of the canalicular system. In the case of the CC or common opening, the contrast media frequently opacified the upper canaliculus before the sac in dacryocystography. However, in type C, the lacrimal sac always filled with radiopaque contrast just after the cannulated lower canaliculus, and the upper canaliculus filled subsequently (Figure 6) .
It is unlikely to misinterpret the CC on a dacryocystogram because it appears as a contrast-filled, separate segment on the film. In the cases that we interpreted as type B, upper and lower canaliculi were joining with a narrow angle at the level of the lacrimal sac wall. In this group, the cases with dilated lacrimal sacs might have a short CC that could be obscured by the sac. In 4 of our 13 LDSs with type B, the lacrimal sacs were dilated rather than normal. It is also unlikely to confuse type C with the other types on dacryocystograms. In type C, as the canaliculi approach the lacrimal sac their courses become nearly parallel to each other and they remain separate on the sac wall (Figure 7) .
We do not think that the fact that our sample consisted of patients with nasolacrimal duct obstruction could cause a false conclusion in the frequency of CC. To our knowledge, a correlation between the different types of CC and the anatomical obstruction of the lacrimal drainage pathway has not been established in the literature.
In conclusion, the results of our study show that the upper and lower canaliculi enter the lacrimal sac separately in only approximately 2% of patients examined by DSM. Rarely, the canalicular anatomical features might not be identical in both eyes.
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